One bacterial strain, designated 5GH38-5 T , which was characterized as aerobic, Gram-stainingnegative, non-flagellated rods, was isolated from a soil sample from a greenhouse in Sangju region, Republic of Korea. It grew at temperatures of 15-45 8C, pH 5.0-9.0 and NaCl concentrations (w/v) of 0-3.0 %. 16S rRNA gene sequence analysis showed the strain was closely related to Pseudoxanthomonas kaohsiungensis J36 T (97. Members of the genus Pseudoxanthomonas were first characterized as aerobic, Gram-stain-negative rods, comprising Q-8 as the ubiquinone, and iso-C 15 : 0 and anteiso-C 15 : 0 as the predominant fatty acids. Later, the genus was emended as nitrate reduction was found to be variable and the major fatty acid components except for iso-C 15 : 0 were also different among species (Thierry et al., 2004; Lee et al., 2008) . At the time of the writing, there are 16 species in the genus Pseudoxanthomonas. They were isolated from various environments such as water samples, soil samples, plant stem (Geum aleppicum Jacq.), an anaerobic digester, human urine, cotton waste compost and a hot spring.
P. kaohsiungensis J36
T was less than 70 %. The combined phenotypic, chemotaxonomic and phylogenetic data showed that strain 5GH38-5 T could be clearly distinguished from closely related members of the genus Pseudoxanthomonas. Therefore, the results of this study indicated the existence of a novel species of the genus Pseudoxanthomonas, for which we propose the name Pseudoxanthomonas sangjuensis sp. nov., with strain 5GH38-5 T (5KACC 16961 Members of the genus Pseudoxanthomonas were first characterized as aerobic, Gram-stain-negative rods, comprising Q-8 as the ubiquinone, and iso-C 15 : 0 and anteiso-C 15 : 0 as the predominant fatty acids. Later, the genus was emended as nitrate reduction was found to be variable and the major fatty acid components except for iso-C 15 : 0 were also different among species (Thierry et al., 2004; Lee et al., 2008) . At the time of the writing, there are 16 species in the genus Pseudoxanthomonas. They were isolated from various environments such as water samples, soil samples, plant stem (Geum aleppicum Jacq.), an anaerobic digester, human urine, cotton waste compost and a hot spring.
In a soil sample from a greenhouse in Sangju region, Republic of Korea, several bacterial strains were isolated using the standard dilution-plating technique on R2A agar (BD) at 28 8C for 6 days. Among them, strain 5GH38-5 T was supposed to represent a putative novel species within the genus Pseudoxanthomonas on the basis of 16S rRNA gene sequence analysis. The isolate was maintained at 280 8C as a suspension in R2A broth supplemented with 20 % (v/v) glycerol.
The 16S rRNA gene sequence of strain T was amplified with a universal primer set, 9F and 1512R (Weisburg et al., 1991) . The amplified fragment was sequenced by Genotech (Daejeon, Republic of Korea), using another universal primer set, 27F and 1492R (Weisburg et al., 1991) . The nearly full-length of the 16S rRNA gene was 1482 bp. Its sequence was identified by BLAST search analysis on the EzTaxon-e server (Kim et al., 2012) . Strain 5GH38-5 T had the highest sequence similarities with the members of the genus Pseudoxanthomonas, Pseudoxanthomonas kaohsiungensis J36 T (97.3 %), Pseudoxanthomonas sis TR6-08 T (96.7 %) and Pseudoxanthomonas kalamensis JA40 T (96.7 %). The closely related sequences retrieved from the EzTaxon-e server were aligned using the SILVA incremental aligner (Pruesse et al., 2012) . Phylogenetic trees were reconstructed by three tree-generating algorithms that are programmed in MEGA5 (Tamura et al., 2011) : neighbour-joining (Saitou & Nei, 1987) , maximumparsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) . The robustness of the phylogenetic trees was calculated by bootstrap analyses based on 1000 random resamplings of the sequences. The neighbourjoining tree revealed strain 5GH38-5 T fell within the cluster of the genus Pseudoxanthomonas, and formed a branch with P. kalamensis JA40 T (Fig. 1) . Trees based on the maximum-parsimony and maximum-likelihood algorithms also showed similar results (Fig. 1) .
The morphology of strain 5GH38-5 T was observed through transmission electron microscopy (model 912AB; LEO) with exponential-phase cells grown for 1 day. The cells were negatively stained with 0.5 % (w/v) uranyl acetate. Gram staining was tested with the Difco Gram staining kit, according to the manufacturer's instructions. Catalase and oxidase activities were checked by bubble production in 3 % (v/v) hydrogen peroxide solution and a colour shift in 1 % (w/v) tetramethyl-p-phenylenediamine (bioMérieux), respectively. Hydrolysis tests were conducted on R2A medium supplemented with casein (5 %, w/v), chitin (1 %, w/v), hypoxanthine (0.5 %, w/v), starch (1 %, w/v), Tween 80 (1 %, w/v), L-tyrosine (0.1 %, w/v) or xanthine (0.5 %, w/v). DNase hydrolysis was observed on DNase test agar (Difco). The temperature range for growth was checked on R2A agar at 4, 10, 15, 20, 25, 28, 30, 33, 35, 37, 40, 45 and 50 8C. The pH range for growth was tested in R2A broth pH-adjusted with phosphate buffer, Tris/HCl buffer, HCl or NaOH (Breznak & Costilow, 1994) of which pH was checked after sterilization. Salt tolerance was determined in R2A broth supplemented with 0, 1.0, 2.0, 3.0, 4.0 and 5.0 % (w/v) NaCl. The methyl red reaction was conducted as described by Lányí (1987) . In addition, commercial API 20 NE, API 20 E, API ID 32GN and API ZYM strips (bioMér-ieux) were used in duplicate for testing other physiological properties, utilization of various substrates and enzyme activities according to the manufacturer's protocols. API 20NE, API20E and API ID 32GN test strip results were recorded after 7 days' incubation, and API ZYM test strips were checked after 4 h of incubation.
Cells of strain 5GH38-5
T were aerobic, Gram-stain-negative, catalase-positive, oxidase-positive, non-flagellated rods of 0.5-0.6 mm in width and 1.2-1.6 mm in length (Fig. S1 , available in the online Supplementary Material). Colonies were circular, convex, glistening and yellow after 2 days' incubation. The strain grew on R2A, nutrient agar (BD) and tryptic soy agar (BD), but did not grow on MacConkey agar (BD). The phenotypic comparison and differential properties among the closely related species are shown in Table 1 . Strain 5GH38-5
T could be differentiated from
Pseudoxanthomonas gei ZFJR-3 T (KF387628)
Pseudoxanthomonas sacheonensis BD-c54 T (EF575564)
Pseudoxanthomonas spadix IMMIB AFH-5 T (AM418384)
Pseudoxanthomonas wuyuanensis XC21-2 T (JN247803)
Pseudoxanthomonas dokdonensis DS-16 T (DQ178977)
Pseudoxanthomonas kalamensis JA40 T (AY686710)
Pseudoxanthomonas sangjuensis 5GH38-5 T (KJ607172)
Pseudoxanthomonas taiwanensis CB-226 T (AF427039)
Pseudoxanthomonas suwonensis 4M1 T (AY927994)
Pseudoxanthomonas broegbernensis B1616-1 T (AJ012231)
Pseudoxanthomonas kaohsiungensis J36 T (AY650027)
Pseudoxanthomonas koreensis TR7-09 T (AY550263)
Pseudoxanthomonas daejeonensis TR6-08 T (AY550264)
Pseudoxanthomonas mexicana AMX 26B T (AF273082)
Pseudoxanthomonas japonensis 12-3 T (AB008507)
Pseudoxanthomonas indica P15 T (EF424397)
Lysobacter enzymogenes closely related strains on the basis of flagellum, growing temperature, nitrate reduction, gelatin hydrolysis, assimilation of some substrates and enzymic activities.
Cellular fatty acids were analysed using cells grown on R2A medium at 28 8C. Strains were grown to exponential phase after incubation for 1-4 days, which depended on the growth rate of each strain. The cellular fatty acids were extracted, methylated and separated by gas chromatography (model 6890; Hewlett Packard) according to the protocol of the Sherlock Microbial Identification System (MIDI; Sasser, 1990) . Fatty acid methyl esters were identified and quantified using the TSBA 6 database (version 6.10) of the Sherlock Microbial Identification System (MIDI). Isoprenoid quinones and phospholipids were extracted and purified according to the protocol of Minnikin et al. (1984) . Polar lipids were mobilized by two-dimensional TLC. The reagents for detection of polar lipids were 5 % ethanolic molybdophosphoric acid (for detection of all lipids), ninhydrin reagent (lipids containing free amino groups), Zinzadze reagent (phosphorus-containing lipids) and a-naphthol reagent (glycolipids) following the protocol of Collins et al. (1980) . The DNA G+C content was determined by the fluorometric method (Gonzalez & Saiz-Jimenez, 2002 ) using SYBR Green I and a real-time PCR thermocycler (Bio-Rad).
Strain 5GH38-5 T contained iso-C 16 : 0 (23.6 %), anteiso-C 15 : 0 (15.6 %) and iso-C 15 : 0 (11.5 %) as the major fatty acids (.10 % of the total fatty acids), summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c) (9.3 %), iso-C 14 : 0 (6.7 %) and iso-C 11 : 0 3-OH (5.1 %) as a moderate amount of the fatty acids (5-10 % of the total fatty acids) and small amounts of several other fatty acids (Table S1 ). The fatty acid profile of strain 5GH38-5 T was similar to the closely related strains despite some variations in quantitative and qualitative properties among strains. The predominant quinone was Q-8, which was also found in other species of the genus Pseudoxanthomonas. The polar lipids of strain 5GH38-5 T were composed of phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, an unknown aminolipid and an unknown lipid (Fig. S2 ), which were also present in common in other species of the genus Pseudoxanthomonas (Kumari et al., 2011; Lee et al., 2008; Li et al., 2014; Zhang et al., 2014) . The genomic DNA G+C content of strain 5GH38-5 T was 71.1 mol%, which was a little higher than those (60.1-70.1 mol%) found in other species of the genus Pseudoxanthomonas.
DNA-DNA hybridization was carried out according to the method described by Seldin & Dubnau (1985) . Probe labelling was conducted using the nonradioactive DIG High Prime DNA Labelling and Detection Starter kit II (Roche Molecular Biochemicals). Each of strain 5GH38-5 T and P. kaohsiungensis J36 T was labelled. The hybridized DNA was visualized using the DIG luminescent detection kit (Roche Molecular Biochemicals). DNA-DNA relatedness was quantified with a densitometer (Bio-Rad). Strain 5GH38-5 T revealed 42¡4 % (reciprocal 38¡5 %) hybridization against P. kaohsiungensis J36 T .
On the basis of phenotypic and genotypic data presented above, we propose that strain 5GH38-5 T should be classified as a representative of a novel species within the genus Pseudoxanthomonas, Pseudoxanthomonas sangjuensis sp. nov.
Description of Pseudoxanthomonas sangjuensis sp. nov.
Pseudoxanthomonas sangjuensis (sang.ju.en9sis. N.L. fem. adj. sangjuensis pertaining to Sangju province in Korea, from where the type strain was isolated).
Cells are aerobic, Gram-stain-negative, non-flagellated rods of 0.5-0.6 mm in width and 1.2-1.6 mm in length. Catalaseand oxidase-positive. Colonies are circular, convex, glistening and yellow after 2 days' incubation on R2A. It grows on R2A, nutrient agar and tryptic soy agar, but does not grow on MacConkey agar. Grows in the range of 15-45 uC (optimum, 30-37 uC) and pH 5.0-9.0 (optimum, pH 7.0-8.0) and tolerates up to 3 % (w/v) NaCl. Hydrolyses casein, hypoxanthine, Tween 80 and tyrosine, but does not hydrolyse chitin, DNA, starch or xanthine. Methyl red reaction is negative. Reduces nitrate to nitrogen. Positive for aesculin hydrolysis, gelatin hydrolysis, tryptophan deaminase, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-glucosidase and Nacetyl-b-glucosaminidase, but negative for indole production, glucose fermentation, arginine dihydrolase, urease, lysine decarboxylase, ornithine decarboxylase, H 2 S production, Voges-Proskauer test, lipase (C14), valine arylamidase, cystine arylamidase, trypsin, a-galactosidase, b-galactosidase, b-glucuronidase, b-glucosidase, a-mannosidase and a-fucosidase. Assimilates D-glucose, L-arabinose, D-mannose, N-acetylglucosamine, maltose, sucrose, sodium acetate, glycogen, salicin, melibiose, L-fucose, propionic acid, valeric acid and 3-hydroxybutyric acid, but does not assimilate D-mannitol, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate, phenylacetic acid, L-rhamnose, D-ribose, inositol, itaconic acid, suberic acid, sodium malonate, lactic acid, L-alanine, potassium 5-ketogluconate, 3-hydroxybenzoic acid, L-serine, D-sorbitol, L-histidine, potassium 2-ketogluconate, 4-hydroxybenzoic acid or L-proline. The major isoprenoid quinone is Q-8. The major cellular fatty acids (w10 % of the total fatty acids) are iso-C 16 : 0 , anteiso-C 15 : 0 and iso-C 15 : 0 . The major polar lipids are phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol.
The type strain, 5GH38-5 T (5KACC 16961 T 5DSM 28345 T 5JCM 19948 T ), was isolated from a soil sample from a greenhouse in Sangju region, Republic of Korea. The DNA G+C content of the type strain is 71.1 mol%.
